CP violation, fermion masses and mixing angles including that of neutrinos are studied in an SUSY SO(10)×∆(48)× U(1) model with small tan β. It is amazing that the model can provide a successful prediction on twenty three observables by only using four parameters. The renormalization group (RG) effects containing those above the GUT scale are considered. Fifteen relations among the low energy parameters are found with nine of them free from RG modifications. They could be tested directly by low energy experiments.
The standard model (SM) is a great success. But it cannot be a fundamental theory. Eighteen phenomenological parameters have been introduced to describe the real world, all of unkown origin. The mass spectrum and the mixing angles observed remind us that we are in a stage similar to that of atomic spectroscopy before Balmer. In this talk, we shall present an interesting model based on the symmetry group SUSY SO(10) × ∆(48) × U (1) with small values of tan β ∼ 1 which is of phenomenological interest in testing the Higgs sector in the minimum supersymmetric standard model (MSSM) at Colliders [1] . For a detailed analysis see ref. [2] . The dihedral group ∆(48), a subgroup of SU (3) , is taken as the family group. U (1) is family-independent and is introduced to distinguish various fields which belong to the same representations of SO(10) × ∆(48). The irreducible representations of ∆(48) consisting of five triplets and three singlets are found to be sufficient to build an interesting texture structure for fermion mass matrices. The symmetry ∆(48) × U (1) naturally ensures the texture structure with zeros for Yukawa coupling matrices, while the coupling coefficients of the resulting interaction terms in the superpotential are unconstrainted by this symme- * Supported in part by the US Department of Energy Grant # DOE/ER/01545-675. Permanent address: Institute of Theoretical Physics, Chinese Academy of Sciences, Beijing 100080, China try. To reduce the possible free parameters, the universality of Yukawa coupling constants in the superpotential is assumed, i.e., all the coupling coefficients are assumed to be equal and have the same origins from perhaps a more fundamental theory.
Choosing the structure of the physical vacuum carefully, the Yukawa coupling matrices which determine the masses and mixings of all quarks and leptons are given at the GUT scale by mass will be below the present experimental lower limit. For n < 4, the values of tan β will become larger, the resulting charm quark mass will be above the present upper bound.
r3 are three parameters. Where λ 0 H is a universal coupling constant expected to be of order one, r 1 , r 2 and r 3 denote the ratios of the coupling constants of the superpotential at the GUT scale for the textures '12', '22' ('32') and '33' respectively. They represent the possible renormalization group (RG) effects running from the scaleM P to the GUT scale. Note that the RG effects for the textures '22' and '32' are considered to be the same since they are generated from a similar superpotential structure after integrating out the heavy fermions and concern the fields which belong to the same representations of the symmetry group, this can be explicitly seen from their effective operators W 22 and W 32 given below.M P , v 10 , and v 5 being the vacuum expectation values (VEVs) for U (1)×∆(48), SO(10) and SU(5) symmetry breaking respectively. φ is the physical CP phase arising from the VEVs. The assumption of maximum CP violation implies that φ = π/2. x f , y f , z f , and w f (f = u, d, e, ν) are the Clebsch factors of SO(10) determined by the directions of symmetry breaking of the adjoints 45's. The Clebsch factors associated with the symmetry breaking directions can be easily read off from the U(1) hypercharges of the adjoints 45's and the related effective operators which are obtained when the symmetry SO(10) × ∆(48) × U (1) is broken and heavy fermion pairs are integrated out:
where
arises from mixing, and provides a factor of 1/ √ 3 for the up-type quark. It remains almost unity for the down-type quark and charged lepton as well as neutrino due to the suppression of large Clebsch factors in the second term of the square root. The relative phase (or sign) between the two terms in the operator W 12 has been fixed. The three directions of symmetry breaking have been chosen as < A X >= 2v 10 diag. (1, 1, 1, 1, 1 
3 ≃ z ν . An adjoint 45 A X and a 16-dimensional representation Higgs field Φ (Φ) are needed for breaking SO(10) down to SU(5). Another two adjoint 45s A z and A u are needed to break SU(5) further down to the standard model
From the Yukawa coupling matrices given above , the 13 parameters in the SM can be determined by only four parameters: a universal coupling constant λ H and three parameters: ǫ G , ǫ P and tan β = v 2 /v 1 .
The neutrino masses and mixings cannot be uniquely determined as they rely on the choice of the heavy Majorana neutrino mass matrix. The following texture structure with zeros is found to be interesting for the present model
The corresponding effective operators are
It is then not difficult to read off the Clebsch factors y N = 9/25, z N = 4 and w N = 256/27. The CP phase δ ν is assumed to be maximal δ ν = π/2.
In obtaining physical masses and mixings, renormalization group (RG) effects should be taken into account. The initial conditions of the RG evolution are set at the GUT scale since all the Yukawa couplings of the quarks and leptons are generated at the GUT scale. As most Yukawa couplings in the present model are much smaller than the top quark Yukawa coupling λ G t ∼ 1, in a good approximation, we will only keep top quark Yukawa coupling terms in the RG equations and neglect all other Yukawa coupling terms. The RG evolution will be described by three kinds of scaling factors. η F (F = U, D, E, N ) and R t arise from running the Yukawa parameters from the GUT scale down to the SUSY breaking scale M S which is chosen to be close to the top quark mass, i.e., M S ≃ m t ≃ 170 GeV. They are de- Majorana neutrino allows neutrinoless double beta decay (ββ 0ν ) [6] . The decay rate is found to be Γ ββ ≃ 1.0 × 10
−61
GeV which is below to the present upper limit; 6. solar neutrino deficit has to be explained by oscillation between ν e and a sterile neutrino ν s [7] (singlet of SU(2)× U(1), or singlet of SO(10) in the GUT SO(10) model). Masses and mixings of the triplet sterile neutrinos can be chosen by introducing an additional singlet scalar with VEV v s ≃ 336 GeV. They are found to be m νs = λ H v 
